Introduction {#sec1}
============

Obesity has become a global health problem, which is often accompanied by a variety of metabolic diseases, including insulin resistance, type 2 diabetes (T2D), inflammation, nonalcoholic fatty liver disease (NAFLD), hypertension, and atherosclerosis.[@bib1] In obesity, adipocytes become hypertrophic, resulting in increased pro-inflammatory adipokines such as tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6, and monocyte chemotactic protein (MCP)-1 and decreased anti-inflammatory adipokines such as adiponectin and IL-10, thus promoting the occurrence of inflammation.[@bib2] It is now clear that inflammation is an underlying cause of T2D as well as many other obesity-induced diseases.[@bib3] Inflammatory pathways interfere with insulin signaling[@bib4] and contribute to impaired glucose metabolism in adipocytes, hepatocytes, and muscle cells.[@bib5] Therefore, it is an important task to investigate molecules regulating inflammation to prevent metabolic syndrome.

MicroRNAs (miRNAs) can directly regulate about 30% of human and mouse genes, and they play an important role in multiple metabolic tissues.[@bib6], [@bib7] A large number of published studies have shown that miRNAs can be used as a biomarker of multiple diseases, including metabolic diseases, making them play a crucial role in the diagnosis and treatment of diseases.[@bib8], [@bib9] In obesity, miRNAs have been recognized as powerful regulators of numerous genes and the pathogenesis of inflammation.[@bib10] For example, miR-145 promotes TNF-α production, and it induces inflammation by activating nuclear factor kappa B (NF-κB) in human adipose tissue.[@bib11] miR-132 induces NF-κB activation and IL-8 and MCP-1 production in human adipocytes.[@bib12] Adipose tissue shows obvious inflammatory status, accompanied by IL-6, IL-1β, TNF-α, and other inflammatory factors, after silencing miR-223.[@bib13] It had been reported that miR-103 was upregulated in the adipose tissue of obesity mice.[@bib14] Besides, miR-103 was found to suppress Krüppel-like factor 4 and promote endothelial inflammation to increase monocyte adhesion to endothelial cells.[@bib15] However, whether miR-103 regulates adipose inflammation has never been studied.

Circular RNAs (circRNAs) are a group of non-coding RNAs (ncRNAs) characterized by the presence of a covalent bond linking 3′ and 5′ ends produced by backsplicing.[@bib16] circRNAs are widely spread with stable structure, conserved sequences, and cell- or tissue-specific expression.[@bib17], [@bib18] Studies have shown that circRNAs can function in multiple ways.[@bib19], [@bib20] However, the function of circRNAs is only now beginning to be understood. ciRS-7/CDR1as has been identified as a miR-7 sponge to inhibit miR-7 activity.[@bib21] Luan et al.[@bib22] found that circHLA-C acted as a sponge for miR-150 and played an important role in the pathogenesis of lupus nephritis. These studies strongly supported the idea that circRNAs could be used as natural miRNA sponges to affect disease progressions. A large number of circRNAs have been found in different organisms.[@bib23] However, it is not reported whether there are circRNAs as miR-103 sponges in adipocytes.

Autophagy is a highly conserved physiological process in eukaryotes that maintains cell homeostasis.[@bib24] The process of autophagy is very complex and sophisticated, and it is mainly regulated by autophagy-related protein (ATG). Especially, LC3, an autophagic substrate, can be used to monitor the number of autophagosomes as well as autophagic activity.[@bib25] Mitochondria are critical in metabolism: they not only provide energy for metabolic activity but also produce reactive oxygen species (ROS) to transmit signals and regulate gene expressions.[@bib26] The dysfunction and damage of mitochondria cause serious consequences and even lead to cell death.[@bib27] Damaged mitochondria usually degrade through a complex physiological process called mitophagy.[@bib28] Mitophagy is an autophagic response that specifically targets mitochondria.[@bib29] Mitophagy participates in various physiological processes, including inflammation. Studies have shown that inflammasome activation can be restrained by mitophagy.[@bib30], [@bib31] Therefore, we attempted to explore the roles of mitophagy in adipose inflammation.

In this study, we presented that circARF3 (ADP-ribosylation factor 3) functions as an endogenous miR-103 sponge to inhibit miR-103 activity, resulting in an increase of TNF receptor-associated factor 3 (TRAF3) expression, a target of miR-103. We further demonstrated that circARF3 alleviated inflammation in mouse adipose tissue by enhancing mitophagy.

Results {#sec2}
=======

miR-103 Promotes Inflammation in Mouse Adipose {#sec2.1}
----------------------------------------------

It has been reported that miR-103 is much more abundant in adipose tissue than in liver and muscle, and adipose-specific miR-103 silencing leads to improved insulin sensitivity.[@bib14] miR-103 is one of the most upregulated miRNAs in the adipose tissue of diet-induced-obesity (DIO) mice ([Figures 1](#fig1){ref-type="fig"}A and 1B). To detect the relationship between miR-103 and adipose inflammation, two inflammatory models were established: high-fat-diet (HFD) mice or normal-diet (ND) mice injected with lipopolysaccharide (LPS).Figure 1miR-103 Promotes Inflammation in Mouse Adipose(A) Heatmaps of miRNAs in adipose tissue of normal or DIO mice (GEO: [GSE85101](ncbi-geo:GSE85101){#intref0015}). (B) Relative levels of the most upregulated or downregulated miRNA in DIO mouse adipose tissue. (C) The relative level of miR-103 in adipose tissue of ND or HFD mice or ND mice injected with PBS or LPS. (D) Relative levels of *MCP-1*, *NLRP3*, *IL-1β*, and *ASC* mRNAs in HFD mouse adipose after treatment with Ad-miR103 or Ad-GFP. (E) Relative levels of *MCP-1*, *NLRP3*, *IL-1β*, and *ASC* mRNAs in Ad-miR103/Ad-GFP- and LPS-treated ND mouse adipose. (F) The relative miR-103 level in adipocytes after treatment with PBS or LPS. (G) Relative IL-6, NLRP3, Caspase 1, and IL-1β protein levels in adipocytes after transfection with miR-103 mimics, inhibitor, or NC and treatment with LPS. Error bar, SE. All data are represented as the mean ± SEM (\*p \< 0.05 and \*\*p \< 0.01; n ≥ 3).

Noticeably, miR-103 was dramatically elevated in adipose tissues of the two inflammatory models ([Figure 1](#fig1){ref-type="fig"}C). To study the effects of miR-103 in adipose inflammation, mice were intraperitoneally (i.p.) injected with miR-103 or control adenoviruses. We found that, in chronic and acute inflammation models, Ad-miR103 upregulated mRNA levels of *MCP-1*, *IL-1β*, *NLR* family, *pyrin domain containing* (*NLRP*) *3*, and *apoptosis-associated speck-like protein containing CARD* (*ASC*) ([Figures 1](#fig1){ref-type="fig"}D and 1E). Besides, Ad-miR103 increased protein levels of NLRP3, cleavage Caspase 1, and IL-1β ([Figures S1](#mmc1){ref-type="supplementary-material"}B and S1D).

Furthermore, adipocytes were incubated with LPS (500 ng/mL) for 8 hr to study the roles of miR-103 in adipose inflammation *in vitro*. miR-103 was also increased after LPS treatment in adipocytes ([Figure 1](#fig1){ref-type="fig"}F). It was found that overexpressing miR-103 by miR-103 mimics increased the transcription levels of *IL-6*, *IL-1β*, and *MCP-1*, while silencing miR-103 by miR-103 inhibitor decreased the mRNA levels of these pro-inflammatory adipokines ([Figure S1](#mmc1){ref-type="supplementary-material"}F). miR-103 mimics also enhanced the protein levels of IL-6 and NLRP3 and cleavage levels of Caspase 1 and IL-1β, while miR-103 inhibitor downregulated them ([Figure 1](#fig1){ref-type="fig"}G). These data indicated that miR-103 promoted adipose inflammation both *in vitro* and *in vivo*.

miR-103 Inhibits Mitophagy in Mouse Adipose {#sec2.2}
-------------------------------------------

As autophagy is altered in LPS treatment and obesity,[@bib32], [@bib33] we tested whether miR-103 regulated autophagy as well. We found that overexpressing miR-103 in mouse adipose led to a significant increase in SQSTM1/p62 mRNA and protein levels and a decrease in *ATG7* and *Beclin1* mRNA levels and LC3II protein level ([Figures 2](#fig2){ref-type="fig"}A and 2B; [Figures S1](#mmc1){ref-type="supplementary-material"}A--S1D). Moreover, miR-103 also inhibited autophagy in adipocytes ([Figure 2](#fig2){ref-type="fig"}C; [Figure S1](#mmc1){ref-type="supplementary-material"}G), which was consistent with our results.Figure 2miR-103 Inhibits Mitophagy in Mouse Adipose(A and B) Relative mRNA levels of *p62*, *ATG7*, and *Beclin1* in adipose tissue of ND or HFD mice (A) or ND mice injected with PBS or LPS (B). (C) Relative *p62*, *ATG7*, and *Beclin1* mRNA levels in adipocytes after transfection with miR-103 mimics, inhibitor, or NC and treatment with LPS *in vitro*. (D) Intracellular distribution of LC3 (LC3-GFP) and mitochondria (Mitotracker). (E) Mitochondrial membrane potentials were detected by flow cytometry after JC-1 staining. (F) Red and green fluorescence distributions were observed by fluorescence microscopy after JC-1 staining. (G) Relative mtROS amounts were determined by MitoSOX staining. (H) Relative concentrations of mtDNA in adipocytes. Scale bar, 200 μm. Error bar, SE. All data are represented as the mean ± SEM (\*p \< 0.05 and \*\*p \< 0.01; n ≥ 3).

LC3-GFP vector was used to observe autophagy. We found that the LC3 puncta were either around or overlapping with mitochondria ([Figure 2](#fig2){ref-type="fig"}D). We suspected that the autophagy that miR-103 inhibited mainly occurred in mitochondria, namely mitophagy. As mitophagy is a process of clearing damaged mitochondria and mitochondrial depolarization is an important event of mitophagy,[@bib34] we measured the effect of miR-103 on mitochondrial membrane potential (Δψm) after JC-1 staining. Flow cytometry analysis showed that miR-103 mimics decreased red fluorescence intensity and enhanced green fluorescence intensity, which were contrary to miR-103 inhibitor ([Figures 2](#fig2){ref-type="fig"}E and 2F), meaning that miR-103 induced the loss of Δψm. Moreover, we found that miR-103 mimics heightened mitochondrial ROS (mtROS) production ([Figure 2](#fig2){ref-type="fig"}G) and raised mtDNA release ([Figure 2](#fig2){ref-type="fig"}H), which are correlated with the accumulation of damaged mitochondria. Cell fractionation confirmed these results, which suggested that miR-103 mimic treatment resulted in much more p62 and Parkin being recruited into the mitochondrial fraction, while it possessed less lipidated LC3 ([Figure 3](#fig3){ref-type="fig"}A). In summary, these findings indicated that miR-103 inhibited mitophagy in mouse adipose.Figure 3miR-103 Promotes Inflammation by Blocking Mitophagy in AdipocytesAdipocytes were transfected with miR-103 mimics, inhibitor, or NC and treated with LPS. (A) Subcellular distributions of p62, LC3, and Parkin in adipocytes. (B and C) Relative mRNA levels of *MCP-1*, *NLRP3* (B), *Beclin1*, and *ATG7* (C). (D) The protein levels of NLRP3, Caspase 1, IL-1β, p62, and LC3 were determined after CsA treatment. Error bar, SE. Data are represented as the mean ± SEM (\*p \< 0.05 and \*\*p \< 0.01; n ≥ 3).

miR-103 Promotes Inflammation by Blocking Mitophagy in Adipocytes {#sec2.3}
-----------------------------------------------------------------

It has been reported that NLRP3 inflammasome activation can be restrained by autophagy.[@bib30], [@bib31] We tested whether miR-103 promoted adipose inflammation by inhibiting mitophagy. A low dose (100 ng/mL) of ethidium bromide (EtBr) was used to eliminate mitochondrial signals.[@bib35] We found that EtBr treatment reduced inflammation and induced autophagy sharply and miR-103 mimics attenuated the effect of EtBr, as the mRNA levels of *MCP-1* and *NLRP3* were increased ([Figure 3](#fig3){ref-type="fig"}B) and *Beclin1* and *ATG7* mRNA levels were decreased compared with those in the relative control group ([Figure 3](#fig3){ref-type="fig"}C). On the contrary, miR-103 inhibitor strengthened EtBr effects, for *MCP-1* and *NLRP3* mRNA levels were decreased while those of *Beclin1* and *ATG7* were increased ([Figures 3](#fig3){ref-type="fig"}B and 3C). Moreover, miR-103 reinforced the effects of cyclosporin A (CsA), an inhibitor of mitophagy.[@bib36] Western blotting suggested that miR-103 mimics increased CsA-induced NLRP3, p62, cleavage Caspase 1, and IL-1β levels and decreased the CsA-blocked LC3II level, which were contrary to miR-103 inhibitor ([Figure 3](#fig3){ref-type="fig"}D). These data suggested that miR-103 promoted inflammation by blocking mitophagy in adipocytes.

TRAF3 Is a Downstream Target of miR-103 {#sec2.4}
---------------------------------------

Bioinformatic analysis was carried out to search for the candidate miR-103 target genes, and we found there are two assumed binding sites on the TRAF3 3′ UTR for miR-103 ([Figure 4](#fig4){ref-type="fig"}A). We constructed wild-type (WT) and mutant (MUT) luciferase vectors of TRAF3 ([Figure 4](#fig4){ref-type="fig"}B), and we measured the relative luciferase activities after transfecting them with miR-103 mimics. We found that the luciferase activity of TRAF3(1,119--1,125)-WT was dramatically decreased compared to the control group or MUT group, while there was no difference between TRAF3(1,037--1,043)-WT group and control group or MUT group ([Figure 4](#fig4){ref-type="fig"}C), indicating that the TRAF3(1,119--1,125) site may be the potential binding site for miR-103. Besides, the mRNA level of TRAF3 was lower in the adipose tissue of HFD mice than that in ND mice ([Figure 4](#fig4){ref-type="fig"}D), which was opposite to miR-103. Moreover, in adipocytes, miR-103 mimics downregulated the mRNA and protein levels of TRAF3, while miR-103 inhibitor upregulated them ([Figures 4](#fig4){ref-type="fig"}E and 4F). In the adipose tissue of HFD mice, Ad-miR103 reduced TRAF3 transcriptional and post-transcriptional levels ([Figures 4](#fig4){ref-type="fig"}G and 4H). These data demonstrated that TRAF3 is a downstream target of miR-103.Figure 4TRAF3 Is a Downstream Target of miR-103(A) Scheme of the potential binding sites of miR-103 in the TRAF3 3′ UTR. (B) miR-103-binding sites in TRAF3 wild-type 3′ UTR (3′ UTR-WT) and mutant 3′ UTR (3′ UTR-MUT) are shown. (C) Double luciferase assay was performed in 293T cells 48 hr after miR-103 mimic transfection with TRAF3-WT 3′ UTR, TRAF3-MUT 3′ UTR, or control. (D) The level of TRAF3 mRNA in ND or HFD mouse adipose tissue. (E and F) Adipocytes were transfected with miR-103 mimics, inhibitor, or NC, and TRAF3 mRNA (E) and protein (F) levels were measured. (G and H) HFD mice were i.p. injected with Ad-miR103 or Ad-GFP, and TRAF3 mRNA (G) and protein (H) levels were detected. Error bar, SE. All data are represented as the mean ± SEM (\*p \< 0.05 and \*\*p \< 0.01; n ≥ 3).

miR-103 Promotes Inflammation by Targeting TRAF3 in Adipocytes {#sec2.5}
--------------------------------------------------------------

To make sure that miR-103 promoted inflammation in adipose tissue by inhibiting TRAF3, we detected the effects of miR-103 combined with TRAF3. Adipocytes were treated with miR-103 and TRAF3 adenoviruses. Compared to the miR-103 treatment group, the co-treatment of miR-103 and TRAF3 caused a decrease of *IL-6*, *IL-1β*, *MCP-1*, and *p62* mRNA, led to a rise in *ATG7* and *Beclin1* mRNA levels ([Figure 5](#fig5){ref-type="fig"}A), suppressed the activation of Caspase 1 and IL-1β ([Figure S2](#mmc1){ref-type="supplementary-material"}A), and cut down mtROS production and mtDNA release ([Figures 5](#fig5){ref-type="fig"}B and 5C; [Figure S2](#mmc1){ref-type="supplementary-material"}B). Besides, the addition of TRAF3 promoted the formation of autophagosomes on mitochondria ([Figure 5](#fig5){ref-type="fig"}D). The mitochondrial fraction, which also showed that TRAF3 addition reduced p62 and Parkin levels and enhanced LC3II level ([Figure 5](#fig5){ref-type="fig"}E), was consistent with our results.Figure 5miR-103 Promotes Inflammation by Targeting TRAF3 in AdipocytesAdipocytes were treated with Ad-GFP, Ad-miR103, or Ad-miR103 + Ad-TRAF3. (A) Relative levels of *IL-6*, *IL-1β*, *MCP-1*, *p62*, *ATG7*, and *Beclin1* mRNAs. (B) Relative mtROS amounts. (C) Relative concentrations of mtDNA. (D) Intracellular distribution of LC3 and mitochondria. (E) Subcellular distribution of p62, LC3II, and Parkin. (F) Western blot analysis of NLRP3, Caspase 1, IL-1β, p62, and LC3II protein levels with or without CsA treatment. Scale bar, 200 μm. Error bar, SE. Data are represented as the mean ± SEM (\*p \< 0.05 and \*\*p \< 0.01; n ≥ 3).

Moreover, compared to miR-103 treatment, miR-103 and TRAF3 co-treatment strengthened the effect of EtBr, as *MCP-1* and *NLRP3* mRNA levels were decreased ([Figure S2](#mmc1){ref-type="supplementary-material"}C) and mRNA levels of *ATG7* and *Beclin1* were increased ([Figure S2](#mmc1){ref-type="supplementary-material"}D). Furthermore, TRAF3 addition whittled the effects of CsA and miR-103, for the protein levels of NLRP3, p62, cleavage Caspase 1, and IL-1β were decreased and LC3II was increased ([Figure 5](#fig5){ref-type="fig"}F). These data indicated that miR-103 promoted NLRP3 inflammasome activation by inhibiting TRAF3.

circARF3 Acts as an Endogenous miR-103 Sponge to Relieve the Inhibitory Effect on TRAF3 {#sec2.6}
---------------------------------------------------------------------------------------

circRNAs composed of exonic sequences can act as miRNA sponges to interact with miRNAs and affect the activities of miRNAs.[@bib19], [@bib20], [@bib21] This inspired us to investigate whether there are circRNAs that can function as miR-103 sponges to regulate mitophagy and inflammation. Thus, we screened circRNAs that have been predicted to interact with miR-103 from the databases published online. We detected these circRNA expressions in adipose tissue of ND and HFD mice, and we found that circ0000650 was abundant in mouse adipose tissue ([Figure 6](#fig6){ref-type="fig"}A) and was less in HFD mouse adipose tissue than in that of ND mice ([Figure 6](#fig6){ref-type="fig"}B). As circ0000650 is transcribed from ARF3, we named it circARF3.Figure 6circARF3 Acts as an Endogenous miR-103 Sponge to Relieve the Inhibitory Effect on TRAF3(A) Divergent primers amplify circRNAs in cDNA, but not in genomic DNA (gDNA). (B) Relative miR-103-related circRNA expression in ND and HFD mouse adipose tissue. (C) circARF3 contains a site complementary to miR-103, as analyzed by the bioinformatic program RNAhybrid. (D) Double luciferase assay was performed in 293T cells 48 hr after miR-103 mimic transfection with pGL3-TRAF3-WT 3′ UTR and pc-circARF3. (E) qPCR was used to detect circARF3 and GAPDH levels after streptavidin capture. (F) The expression of TRAF3 in adipocytes after circARF3 lentivirus, circARF3 lentivirus + miR-103 adenovirus, or control empty virus treatment. (G) The expression of TRAF3 in adipose tissue of HFD mice after injection with LV-circARF3 or Ad-miR103. Error bar, SE. Data are represented as the mean ± SEM (\*p \< 0.05 and \*\*p \< 0.01; n ≥ 3).

It was predicted that there is a binding site in circARF3 for miR-103 ([Figure 6](#fig6){ref-type="fig"}C). We measured the luciferase activity to detect whether circARF3 could act as a miR-103 sponge. We found that transfection of circARF3 with miR-103 and pGL3-TRAF3 3′ UTR resulted in a remission of luciferase activity compared to the miR-103 and pGL3-TRAF3 3′ UTR group ([Figure 6](#fig6){ref-type="fig"}D). Besides, circARF3 was much more enriched in the miR-103-captured fraction compared with the corresponding mutant group ([Figure 6](#fig6){ref-type="fig"}E). In adipocytes, TRAF3 protein level was upregulated after circARF3 lentivirus treatment, and the addition of miR-103 adenoviruses reduced TRAF3 expression ([Figure 6](#fig6){ref-type="fig"}F). Furthermore, we found circARF3 lentiviruses elevated TRAF3 expression significantly, and co-treatment of circARF3 lentiviruses and miR103 adenoviruses reduced TRAF3 protein level in HFD mouse adipose tissue ([Figure 6](#fig6){ref-type="fig"}G). These data suggested that circARF3 could function as a miR-103 sponge.

circARF3 Alleviates Adipose Inflammation by Activating Mitophagy {#sec2.7}
----------------------------------------------------------------

To study the effects of circARF3 in adipose inflammation and autophagy, we detected the expressions of inflammatory and autophagy factors, and we found that circARF3 reduced *MCP-1*, *IL-6*, *IL-1β*, and *p62* mRNA levels and elevated *ATG7* and *Beclin1* mRNA levels ([Figure 7](#fig7){ref-type="fig"}A), suggesting that circARF3 alleviates adipose inflammation and accelerates autophagy. Western blot analysis, which indicated that circARF3 lowered the cleavage levels of Caspase 1 and IL-1β ([Figure S3](#mmc1){ref-type="supplementary-material"}A), confirmed our results. circARF3 was also shown to reduce mtROS production and mtDNA release ([Figures 7](#fig7){ref-type="fig"}B and 7C; [Figure S3](#mmc1){ref-type="supplementary-material"}B), while miR-103 mimic addition enhanced them. Autophagosomes on mitochondria were raised after circARF3 treatment ([Figure 7](#fig7){ref-type="fig"}D). Mitochondrial fraction results showed that circARF3 reduced p62 and Parkin while it enhanced lipidated LC3 level on mitochondria and miR-103 addition reversed the effects of circARF3 ([Figure S3](#mmc1){ref-type="supplementary-material"}C). Furthermore, circARF3 enhanced the effects of EtBr on inflammation and autophagy, as circARF3 decreased the mRNA levels of *MCP-1* and *NLRP3* ([Figure S3](#mmc1){ref-type="supplementary-material"}D) and increased *Beclin1* and *ATG7* mRNA levels ([Figure S3](#mmc1){ref-type="supplementary-material"}E). In addition, circARF3 weakened the effects of CsA: circARF3 decreased the CsA-induced NLRP3, p62, cleavage Caspase 1, and IL-1β levels, and it increased LC3II level ([Figure 7](#fig7){ref-type="fig"}E). Also, miR-103 addition reversed the effects of circARF3 ([Figures 7](#fig7){ref-type="fig"}A--7E). These results indicated that circARF3 functions as a miR-103 sponge to alleviate adipose inflammation.Figure 7circARF3 Alleviates Adipose Inflammation via Activating MitophagyAdipocytes were treated with circARF3 lentiviruses, circARF3 lentiviruses + miR-103 adenoviruses, or control empty viruses. (A) qPCR analysis was performed to compare relative levels of *MCP-1*, *IL-6*, *IL-1β*, *p62*, *ATG7*, and *Beclin1* mRNAs. (B) Relative mtROS amounts. (C) Relative concentrations of mtDNA. (D) Intracellular distribution of LC3 and mitochondria. (E) Western blot analysis of NLRP3, Caspase 1, IL-1β, p62, and LC3 protein levels with CsA treatment. Scale bar, 200 μm. Error bar, SE. Data are represented as the mean ± SEM (\*p \< 0.05 and \*\*p \< 0.01; n ≥ 3).

circARF3 Inhibits Adipose Inflammation by Blocking NF-κB Signaling {#sec2.8}
------------------------------------------------------------------

TRAF3 is a negative regulator of the NF-κB-signaling pathway.[@bib37] We wondered whether circARF3-inhibited adipose inflammation was in relation to the NF-κB-signaling pathway. A significant decrease of p65 in the nucleus was observed after circARF3 treatment, and miR-103 addition elevated p65 content in the nucleus ([Figure S4](#mmc1){ref-type="supplementary-material"}B). BAY11-7082, a specific inhibitor of NF-κB, was used to verify our results. We found that circARF3 treatment reinforced the effect of BAY11-7082. circARF3 suppressed p65 phosphorylation, p62, cleavage Caspase 1, and IL-1β levels, which were inhibited by BAY11-7082, and it raised BAY11-7082-induced LC3II level ([Figure S4](#mmc1){ref-type="supplementary-material"}C). miR-103 addition reversed the effects of circARF3. These results demonstrated that circARF3 inhibited adipose inflammation by blocking the NF-κB-signaling pathway.

circARF3 Alleviates Adipose Inflammation in HFD Mouse Adipose Tissue {#sec2.9}
--------------------------------------------------------------------

To verify the roles of circARF3 in mitophagy and adipose inflammation *in vivo*, HFD mice were challenged with high-titer viruses of circARF3, miR-103, and TRAF3 combined with CsA. As [Figure 8](#fig8){ref-type="fig"}A shows, we found that circARF3 decreased the mRNA levels of *MCP-1*, *NLRP3, IL-6*, *IL-1β*, *ASC*, and *p62* and increased mRNA levels of *Beclin1* and *ATG7*, which were opposite to miR-103, suggesting that circARF3 inhibited inflammation and induced autophagy while miR-103 promoted inflammation and inhibited autophagy in adipose tissue. As expected, co-treatment with circARF3 and miR-103 impaired circARF3-alleviated inflammation and suppressed circARF3-induced autophagy. miR-103 and TRAF3 co-treatment attenuated miR-103-promoted inflammation and enhanced miR-103-inhibited autophagy. Furthermore, CsA treatment further confirmed our results. Besides, Casp1 p10 immunofluorescence staining in mouse adipose tissue also showed that miR-103 augmented the expression of Casp1 p10 while circARF3 and TRAF3 reduced it ([Figure 8](#fig8){ref-type="fig"}B), supporting our notion that circARF3 functions as a miR-103 sponge to alleviate adipose tissue inflammation by promoting mitophagy.Figure 8circARF3 Alleviates Adipose Inflammation *In Vivo*HFD mice were i.p. injected with LV-circARF3, LV-circARF3 + Ad-miR103, Ad-miR103, Ad-miR103 + Ad-TRAF3, or control for 1 week. (A) The mRNA levels of *IL-1β*, *IL-6*, *MCP-1*, *NLRP3*, *ASC*, *p62*, *Beclin1*, and *ATG7*. (B) Casp1 p10 immunofluorescence staining was observed by fluorescence microscopy. (C) Scheme of circARF3-miR-103-TRAF3 pathway regulating adipose inflammation. circARF3 sponged miR-103, thus crippling the effect of miR-103 on TRAF3 degradation. TRAF3 blocked the NF-κB-signaling pathway and inhibited mitophagy, which induced NLRP3 inflammasome formation and inflammatory cytokine release. Scale bar, 200 μm. Error bar, SE. Data are represented as the mean ± SEM (\*p \< 0.05 and \*\*p \< 0.01; n ≥ 3).

Discussion {#sec3}
==========

Studies have discovered that circRNAs can function as endogenous miRNA sponges, which suggests that circRNAs compete with mRNAs for miRNA binding in the cytoplasm and thus regulate gene expression. For example, ciRS-7/CDR1as binds miR-7 to sequester away miR-7, leading to miR-7 targets levels increasing.[@bib38] As the covalently closed loop structure and being widely expressed in eukaryotes, circRNAs can become a new biomarker and therapeutic target of diseases.[@bib39], [@bib40] Consistent with these findings, our research displays that circARF3 acts as a miR-103 sponge to enhance TRAF3 level, thus alleviating inflammation in mouse adipose tissue.

Accumulating evidence indicated that chronic inflammation in obesity contributes to systemic metabolic dysfunction. Adipose inflammation regulation is a complex network. Amounts of factors, including transcription factors, adipokines, and miRNAs, regulate adipose tissue inflammation.[@bib41] miR-103 belongs to a highly conserved family of miRNA and is abundant in adipose tissue. Dozens of miR-103 target genes, such as Dicer, Cav1, Dapk, Klf4, Fadd, and Mef2d, have been demonstrated to regulate adipogenesis, insulin sensitivity, cell migration, and metastasis.[@bib42], [@bib43], [@bib44], [@bib45] miR-103 has been reported to suppress Krüppel-like factor 4 and promote endothelial inflammation to increase monocyte adhesion to endothelial cells.[@bib15] In addition, miR-103 ensures proper end-stage autophagy, and its insufficiency causes dysregulation of macropinocytosis with the formation of large vacuoles in a stem cell-enriched epithelium.[@bib46] However, the effects of miR-103 on inflammation and autophagy in adipose tissue are still not determined. In this study, it has been shown that miR-103 promotes adipose tissue inflammation by inhibiting mitophagy and miR-103 functions by targeting TRAF3.

TRAF3 is a member of the TRAF family. Studies have indicated that TRAF3 regulates the homeostasis of multiple cell types through different mechanisms.[@bib47], [@bib48] NF-κB-inducing kinase (NIK), a core signaling molecule of the NF-κB pathway, functions together with an inhibitor of NF-κB kinase α (IKKα) to induce NF-κB phosphorylation-dependent ubiquitination and process. Normally, NIK is continuously degraded by a TRAF3-dependent E3 ubiquitin ligase. In response to signals mediated by TNF receptor superfamily members, NIK becomes stabilized due to TRAF3 degradation, resulting in the activation of the noncanonical NF-κB pathway.[@bib49] To estimate whether NF-κB signaling was involved in NLRP3 inflammasome activation regulated by circARF3-miR103-TRAF3, we detected nuclear translocation of NF-κBp65 in adipocytes. We found that miR-103 facilitated NF-κBp65 delivering to nuclear and phosphorylation, which were contrary to circARF3 and TRAF3.

As a self-protection mechanism, autophagy functions to maintain the stability of the intracellular environment.[@bib50] It has been reported that various diseases like obesity, diabetes, neurodegenerative diseases, immune disorders, and cancer are associated with abnormal autophagy.[@bib51], [@bib52] Mitophagy is a target-specific autophagy in cells, which can remove damaged mitochondria and excess ROS and block the activation of mitochondrial dysfunction-induced inflammasomes and release of inflammatory cytokines.[@bib53] Here we found that miR-103 promoted mitochondrial damage and inhibited mitophagy. Damaged mitochondria released a series of signals, including mtROS and mtDNA, which induced NLRP3 inflammasome activation.[@bib54] Parkin, an E3 ubiquitin ligase, recognizes damaged mitochondria and binds to PTEN-induced kinase 1 (PINK1) on the mitochondrial membrane. Parkin undergoes phosphorylation and is capable of ubiquitinating mitochondrial substrates, which in turn bound to LC3 to initiate mitophagy.[@bib55] In our research, we found that miR-103 promoted Parkin and p62 recruitment to damaged mitochondria but the mitophagy was inhibited. However, the mechanism involved needs to be further studied.

The present study demonstrated that circARF3-miR103-TRAF3 participate in regulating adipose inflammation through mitophagy. We observed that miR-103 promoted inflammation by inhibiting mitophagy in adipose tissue, whereas circARF3 and TRAF3 inhibited mitophagy-mediated inflammation. Adipose tissue inflammation regulation is a very complex network. Although our present research showed that circARF3 could function as a miR-103 sponge, we did not rule out other circRNAs regulating miR-103 or other miR-103 target genes in adipose tissue inflammation.

In this study, we confirmed that circARF3 repressed adipose inflammation and circARF3 functions as a miR-103 sponge to alleviate adipose inflammation by blocking mitophagy. circARF3 sponged miR-103, thus crippling the effect of miR-103 on TRAF3 degradation. TRAF3 blocked the NF-κB-signaling pathway and inhibited mitophagy, which promoted NLRP3 inflammasome activation and inflammatory cytokine release ([Figure 8](#fig8){ref-type="fig"}C). Our study provides new strategies for improving adipose inflammation in obesity.

Materials and Methods {#sec4}
=====================

Animal Experiment {#sec4.1}
-----------------

Mice handling protocols were conducted following the guidelines and regulations approved by the Animal Ethics Committee of Northwest A&F University. C57BL/6J mice were housed at 25°C ± 1°C temperature, 55% ± 5% humidity, 12-hr-light and 12-hr-dark cycles, and they were provided *ad libitum* with water and diet. 8-week-old male mice were fed an HFD (fat provides 60% of total energy) for 8 weeks to obtain a chronic inflammation model. To obtain an acute inflammation model, 16-week-old male mice fed an ND (fat provides 10% of total energy) were injected with LPS (10 mg/kg, Sigma, St. Louis, MO, USA) for 6 hr.

HFD mice (n = 60) were randomly divided into ten groups (n = 6 each) using a 5 × 2 design. Mice were treated with circARF3 lentiviruses, circARF3 lentiviruses + miR-103 adenoviruses, miR-103 adenoviruses, miR-103 adenoviruses + TRAF3 adenoviruses, or control empty viruses at 1 × 10^9^ plaque-forming units (PFUs) in 0.2 mL PBS through i.p. injection for 1 week, respectively. To inhibit mitophagy, half of the mice received a daily i.p. injection of 10 mg/kg CsA (Selleck, Shanghai, China) in 1% DMSO for 3 days, and the other half was injected with 1% DMSO.

ND mice (n = 12) were randomly divided into two group. Half of the mice were i.p. injected with miR-103 adenoviruses at 1 × 10^9^ PFUs in 0.2 mL PBS, and the other half received control empty viruses for 1 week. For the LPS-challenged experiment *in vivo*, mice were injected with LPS (10 mg/kg) for 6 hr.

Primary Adipocyte Culture and Stimulation {#sec4.2}
-----------------------------------------

Primary preadipocyte culture proposal was conducted as described before.[@bib56] Preadipocytes were induced to differentiation as follows:[@bib57] 2 days after preadipocytes grew to 100% confluence, cells were treated with DMEM/F12 medium containing 10 μg/mL insulin (Sigma, St. Louis, MO, USA), 1 μM dexamethasone (Sigma, St. Louis, MO, USA), and 0.5 mM 3-isobutyl-1-methylxanthine (IBMX; Sigma, St. Louis, MO, USA) for 2 days; then they were maintained in induction medium supplemented with 10 μg/mL insulin (Sigma, St. Louis, MO, USA). For stimulation, mature adipocytes were treated with 100 ng/mL EtBr (Sigma, St. Louis, MO, USA) for 3 days or 5 μM CsA (Selleck, Shanghai, China) for 30 min combined with LPS (500 ng/mL) for 8 hr.

For *in vitro* studies, adipocytes were transfected with miRNA negative control (NC), miR-103 mimics, miR-103 inhibitor, LC3-GFP, or empty plasmid using X-tremeGENE HP DNA Transfection Reagent (Roche, Switzerland). miR-103 (Ad-miR103), TRAF3 (Ad-TRAF3), circARF3 (Lv-circARF3), or control empty viruses were added into adipocytes at 1 × 10^9^ PFUs/mL for 48 hr.

RNA Extraction and cDNA Synthesis {#sec4.3}
---------------------------------

Total RNA, including miRNA, was extracted from adipose tissue or adipocytes using the TRIzol method. Then cDNA was synthesized using a PrimeScript II 1st Strand cDNA Synthesis Kit (Takara, Dalian, China).

qRT-PCR Analysis {#sec4.4}
----------------

miRNA and mRNA levels were measured by qPCR.[@bib58] U6 and GAPDH were chosen as reference genes to normalize miRNA and mRNA levels, respectively.

Western Blot {#sec4.5}
------------

Western blot was used to detect the protein levels.[@bib59] Protein samples were separated by electrophoresis on 12% and 5% SDS-PAGE gels using slab gel apparatus and then transferred to polyvinylidene fluoride (PVDF) nitrocellulose membranes (Millipore, USA), blocked with a mixture of 5% Skim Milk Powder and TBST (tris-buffered saline and Tween 20) at room temperature for 2 hr. Membranes were incubated with the primary antibodies at 4°C overnight and further incubated with the secondary antibodies for 2 hr at room temperature. Primary antibodies against IL-6 (ab208113), NLLRP3 (ab214185), Pro-IL-1β (ab106035), IL-1β p17 (ab106035), Pro-Casp1 (ab179515), Casp1 p10 (ab179515), p62 (ab109012), LC3 (ab51520), β-actin (ab8227), Parkin (ab15954), VDAC1 (ab15895), Tubulin (ab6046), GAPDH (ab9385), TRAF3 (ab36988), p65 (ab32536), and p-p65 (ab86299) were purchased from Abcam (Cambridge, UK), and secondary antibody was purchased from Baoshen (Beijing, China).

miRNA Target Gene and circRNA Prediction {#sec4.6}
----------------------------------------

miRNA target prediction was performed in TargetScan, miRBase, and PicTar, and circRNA prediction was performed in CircNet, circBase, and starBase. Their intersections were chosen to improve the accuracy of the forecast.

Biotin-Coupled miRNA Capture {#sec4.7}
----------------------------

Biotin-labeled WT or MUT miR-103 was transfected into adipocytes. Cells were collected and treated as described previously.[@bib38]

Dual Luciferase Reporter Assay {#sec4.8}
------------------------------

The dual luciferase reporter assay was performed as described previously.[@bib60] A Dual Luciferase Reporter Assay kit (Promega, Madison, WI, USA) was used to measure the luciferase activity, and the procedure followed the manufacturer's protocol.

Mitochondrial Membrane Potential Analysis {#sec4.9}
-----------------------------------------

Mitochondrial membrane potential assay kit with JC-1 was purchased from Beyotime Biotechnology (China), and it was used to detect mitochondrial membrane potential following the manufacturer's protocol.

mtROS Measurement {#sec4.10}
-----------------

mtROS was measured with MitoSOX (Invitrogen, Carlsbad, CA, USA), following the manufacturer's instructions. In brief, cells were incubated with 5 μM MitoSOX at 37°C for 10 min and washed three times with PBS. Then cells were fixed and incubated with DAPI for nuclear staining.

Immunofluorescence Staining {#sec4.11}
---------------------------

Immunofluorescence staining was performed by the standard method. After being fixed, permeabilized, and blocked, samples were incubated with primary antibodies and secondary fluorescent antibodies, and DAPI was used for nuclear staining.

Nuclear Protein Extraction {#sec4.12}
--------------------------

Nuclear and cytoplasmic fractions were prepared using Mitochondria Isolation Kit (Beyotime, China). The procedure followed the protocol provided by the manufacturer.

Data Analysis {#sec4.13}
-------------

All experiments were repeated at least three times. Data were expressed as the mean ± SEM. The statistical analysis differences were performed in SPSS using t test. \*p \< 0.05 was statistically significant and \*\*p \< 0.01 was very significant.
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